Summary: The synaptic relationships between primary afferent central endings containing substance P (SP) and calcitonin gene-related peptide (CGRP) and GABAergic internenrons in the guinea pig substantia gelatinosa of the lumbar spinal dorsal horn were studied. The pre-embedding PAP method was used for detection of GABA and the post-embedding double immunogold labeling method for SP and CGRP detection. Immunogold particles specific for SP and CGRP were mainly localized separately or together in large synaptic vesicles devoid of dense cores. SP and CGRP immunoreactivity was separate or co-localized in small roundish, slender, sinuous or large scalloped (fan-like) terminals with closely packed round agranular synaptic vesides of various sizes and few large dense core vesides and mitochondria, which are thought to be capsaicin-sensitive primary afferent terminals. These SP-and CGRP-immunoreactive boutons make presynaptic or symmetric contacts with GABAergic dendrites and soma. These findings suggest that the central endings of nodceptive primary afferents transmit pain stimuli to intrinsic inhibitory internenrons, thereby modulating nodceptive information via a postsynaptic circuit.
The central endings of the small primary afferent neurons are known to contain various neuropeptides, including substance P (SP), calcitonin gene-related peptide (CGRP), cholecystokinin (CCK) and vasoactive intestinal polypeptide (VIP) (Hunt et aL, 1992) . As varicosities containing both SP and CGRP in the rat superficial dorsal horn are completely lost after dorsal rhizotomy, varicosities with both SP-and CGRP-immunoreactivity are thought to be markers of primary afferent neurons (Tuchscherer and Seybold, 1989) . Ultrastructural immunocytochemistry should therefore be able to identify the central endings of primary afferents in which both SP and CGRP are stored. One of the synaptic relationships of the primary afferent central endings to intrinsic neurons in the substantia gelatinosa (SG) has been reported to be postsynaptic contact with GABAergic neurites (McLaughlin et aL, 1975; Barber et aL, 1982; Magoul et a!., 1987; Todd and Lochhead, 1990) . But recently, central endings were demonstrated to make presynaptic contacts with GABAergic dendrites with or without vesicles, though the latter dendrites show fewer postsynaptic contacts than the former (Carlton and Hayes, 1990; Hayes and Carlton, 1992) . A survey of the synaptic relationships between nociceptive primary afferent central endings and intrinsic inhibitory interneurons in the SG is important for an understanding of the modulation of pain transmission. To determine the synaptic contacts of central endings containing SP and CGRP and the surrounding neuropiles of GABAergic interneurons, we carried out ultrastructural studies using triple irnmunocytochemical staining.
Materials and Methods
A triple immunostaining method was used to identify GABA, SP and CGRP in neuronal elements in the SG. Under nembutal anesthesia , an adult guinea pig was perfused through the ascend- . The sections were then washed several times with PBS and incubated in 1% bovine serum albumin(BSA) in PBS for 60 min. Then they were incubated overnight at room temperature with primary GABA anti rabbit antisera (SFRI Laboratory, France) diluted 1 :1500, rinsed with PBS, and incubated with goat anti rabbit IgG diluted 1 :50 (1 h, room temperature). They were then rinsed with PBS, and incubated with peroxidase antiperoxidase diluted 1 : 50 at room temperature for 2 h. For histochemical visualization of the peroxidase activity, the specimens were incubated in 0.01 % diaminobentizine (DAB) in 0.05 M Tris-HC1 buffer (pH 7.4) for 20 min, and incubated with 0.01 % DAB containing 0.002% hydrogen peroxide for 20 min. The specimens were post-fixed in 1% 0504 in PB for 1 h at 4°C. They were dehydrated in a graded alcohol series and finally embedded in Spurr's or Epon resin. The superficial dorsal horn was trimmed under a binocular microscope and ultrathin sections were collected on Formbar-coated nickel hole grids. Before immunostaining, the sections were etched for 60 minin saturated sodium methaperiodate (NaI04). After preincubation with 1% BSA in PBS for 30 min, the sections were floated on a solution of the primary antibody (rabbit anti CGRP, Cambridge Research Biochemicals) diluted 1 :1500 for 1 h at room temperature. Then they were washed several times with PBS and incubated with goat anti-rabbit IgG-gold (5 nm dia, EY Laboratory Inc. USA) diluted 1 :10 for 1 h at room temperature. Subsequently the sections were floated on a solution of the primay antibody (rabbit anti-SP, Chemicon International Inc.) diluted 1 : 500 for 1 h at room temperature. After washing in PBS, they were incubated with goat anti-rabbit IgG-gold (15 nm dia, EY Laboratory Inc. USA) diluted 1:10 for 1 h at room temperature. Finally the sections were contrasted with uranyl acetate for 10 min and lead citrate for 3 min and were examined with a Hitachi H 800 electron microscope. As control experiments, processing was carried out without GABA, SP and CGRP antiserum.
Results
Various forms of central endings immunoreactive for SP and CGRP were seen in the guinea pig substantia gelatinosa: small, dark, round, slender, sinuous, cap-like, elliposid and large scalloped (fan-like) contours with densely packed, clear round synaptic vesicles of various sizes, few large densecored vesicles and mitochondria (data not shown) were all seen. All these characteristic terminals were called central endings which means the terminations of the central processes of primary afferent neurons.
SP-and CGRP-specific immunogold labeling as seen in terminals filled with both small and large, round, agranular vesicles. SP-and CGRPinununoreactive terminals were glomerular or non-glomerular central endings. SP-and CGRPimmunoreactivity as frequently found in the same terminals by double immunogold labeling (Fig.  la,d) . Either SP or CGRP only were also seen in some terminals. Immunoreactive gold was mainly localized in large synaptic vesicles of 70-170 nm in diameter. Most large synaptic vesicles containing SP-and CGRP-immunoreactive gold particles had no dense cores. SP-or CGRP-positive gold particles were present separately (Fig. la) or together (Fig.  1d) in the large synaptic vesicles, but were scarcely seen outside the synaptic vesicles. SP-and CGRPspecific gold particles were also found in small agranular vesicles (not shown). Non-immunoreactive terminals with similar profiles to SP-and CGRPimmunoreactive terminals were also observed (Fig.  lb,c) .
SP-and CGRP-immunoreactive central endings were contacted by GABAergic interneuronal elements (Fig. 1) . Glomerular SP-and CGRPimmunoreactive terminals were surrounded by several peripheral and proximal dendrites, some of which had presynaptic contacts (Fig. la,b) . Both SP-and CGRP-positive cap-like (Fig. la) terminals showed clear presynaptic contacts with GABAinununoreactive dendrites. GABA-positive soma received terminals showing both SP-and CGRPimmunoreactivity (Fig. 1d) . Occasionally, a few SP-IR gold particles were seen in GABAergic dendrites (Fig. lc) . No immunoreactivity for SP, CGRP and GABA was seen in control neuronal elements (not shown).
Discussion
In the present study, IgG-gold particles for SP and CGRP were chiefly restricted to large vesicles lacking dense cores, either separately or together in the same vesicles. It is interesting to note that dense-cored vesicles were rich in preterminal SPpositive axons whereas small vesicles were the dominant population in terminals (Priestley et al., 1982) . These results may also be explained by the fact that the terminals with large dense core vesicles are rarely found in the mouse SG (Hiura et aL,  1996b) , rather than just being an artifact of fixation.
SP-and CGRP-reactive terminals had dark, small round, slender, sinuous, cap-like or large scalloped contours with closely packed, small, round, clear vesicles, fewer large dense-cored vesicles and many large agranular vesicles, corresponding to the capsaicin-sensitive CI type terminals in the mouse SG (Hiura et al. , 1990; Ishizuka, 1994, 1995) .
There have bee numerous reports on the coexistence of SP and CGRP in single dorsal root ganglion (DRG) cells (Willis and Coggeshall, 1992) . The existence of both SP and CGRP in central endings reflects synthesis and transport of both peptides within the same primary afferent neurons. Saria et aL (1986) found that CGRP, SP and neurokinin A are simultaneously released from rat spinal dorsal horn slices by capsaicin and potassium superfusion. In addition, Morton and Hutchison (1989) reported that SP and CORP are released at the same time from the spinal dorsal horn on noxious stimulation, and suggested that the transmission of nociceptive information involves a complex event caused by the co-release and actions of amino acids and neuropeptides. These physiological studies strongly support the idea of the coexistence of SP and CGRP in single central endings demonstrated in the present results, and in many previous reports.
Carlton and Hayes (1990) and Hayes and Carlton (1992) demonstrated by immunoelectron microscope studies that primary afferent central terminals or CGRP-IR terminals in the monkey superficial dorsal horn make presynaptic contacts with GABA-IR dendrites. We also reported the presynaptic relationships of central endings of the nociceptive primary afferents to GABAergic dendrites (Hiura et aL, 1991; Hiura et al., 1996a ) and interneuronal soma (Hiura and Ishizuka, 1995) in the mouse superficial dorsal horn. In contrast, Todd and Lochhead (1990) reported GABA-IR presynaptic dendrites to CI terminals in lamina II of the rat dorsal horn. Furthermore, Atsumi et al. (1993) and Sakamoto and Atsumi (1995) reported presynaptic axon terminals with tightly-packed pleomorphic clear vesicles, and reciprocal and postsynaptic dendrites with and without vesicles, respectively, on SP-IR central terminals in lamina II of the chicken spinal dorsal horn. The reason for this difference in these findings is unclear. Species differences might explain these conflicting results. However, an important observation is that SPpositive terminals are rarely post-synaptic to dendrites and peripheral axons in the superficial dorsal horn of the rat spinal cord and the trigeminal subnucleus caudalis (Ribeiro-da-Silva et aL, 1989). The present study showed that SP-and CGRPreactive terminals are presynaptic to GABAergic dendrites. This findings reinforces the idea that the modulatory actions of nociceptive information occur exclusively by postsynaptic mechanisms (Ribeiro-da-Silva et al. , 1989).
